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DYNAMIC POSITIONING AND ALIGNMENT AIDS FOR SHAPE OBJECTS 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application is a continuation-in-part of the following co-pending and commonly 
5 assigned United States Patent Application No. 09/088,1 16, entitled "POSITIONING AND 
ALIGNMENT AIDS FOR SHAPE OBJECTS HAVING AUTHORABLE BEHAVIORS 
AND APPEARANCES," by Lawrence D. Felser et al., filed on June 1, 1998; 
and is related to the following applications: 

United States Patent Application Serial No. 09/488,308, entided "SHAPE 
10 OBJECTS HAVING AUTHORABLE BEHAVIORS AND APPEARANCES," by 

Lawrence D. Felser et al., filed on January 20, 2000, which is a continuation of United States 
Patent Application Serial No. 09/092,383, entitled "SHAPE OBJECTS HAVING 
AUTHORABLE BEHAVIORS AND APPEARANCES," by Lawrence D. Felser et al., 
filed on June 5, 1998, and 
15 United States Patent Application Serial No. 09/169,599, entided "FRAMEWORK 

FOR OBJECTS HAVING AUTHORABLE BEHAVIORS AND APPEARANCES," by 
Lawrence D. Felser et al., filed on October 9, 1998, now United States Patent No. 6,025,849, 
which is a continuation-in-part of United States Patent Application Serial No. 09/ 092,383, 
entided "SHAPE OBJECTS WITH AUTHORABLE BEHAVIORS AND 
20 APPEARANCES," by Lawrence D. Felser, et al., filed on June 5, 1998, and a continuation- 
in-part of United States Patent Application Serial No. 09/ 088,116, entided 



"POSITIONING AND ALIGNMENT AIDS FOR SHAPE OBJECTS WITH 
AUTHORABLE BEHAVIORS AND APPEARANCES," by Lawrence D. Felser, et aL, 
filed on June 1, 1998; 

all of which applications are incorporated by reference herein. 

BACKGROUND OP THE INVENTION 

1. Field of the Invention. 

The present invention relates generally to graphical user interfaces, and in particular, 
to a method, apparatus, and article of manufacture for providing dynamic positioning and 
alignment aids for software objects for computer programs having a graphical user interface. 

2. Description of the Related Art. 

The use of Computer Assisted Drafting (CAD) application programs is well known 
in the art. Some CAD programs provide templates and palettes that help users create 
documents, graphical presentations, etc. However, these templates and palettes provide only 
limited assistance and do little to help the user connect standard CAD components, such as 
shapes and other objects, in the CAD document. 

Many standard components have several connection points that can connect to 
other components. Typically, if a user wants to connect components together, the user must 
drag the components onto the working screen, and subsequently use toolbar accessed 



functions to move the component, rotate the component, or size the component in order to 
create a finished document or graphical presentation. 

This multiple step approach of dragging the components onto the screen and then 
modifying the components to create a drawing is inefficient and time consuming. Further, 
the process is not easily learned by a user, and prevents many users from utilizing the CAD 
program to its fullest extent. 

Further, once the components are assembled on the screen, users typically want to 
edit the drawing by moving components around to better present the graphical data, or 
rearrange boxes, text, etc. to create a better graphical presentation. Many times, each 
component must be moved separately, requiring the user to again drag each component to a 
new position and realign the components. 

Consequently, there is a need in the art for improved techniques for connecting 
components in a CAD program, in order to create documents faster. Further, there is a 
need in the art for improved techniques for connecting components in a CAD program that 
eliminates the need for accessing toolbar or menu functions. There is also a need in the art 
for coupling components together so that the components can be moved as a group. 
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SUMMARY OF THE INVENTION 
To address the requirements described above, the present invention discloses a 
method, apparatus, and article of manufacture for executing intelligent shape programming 
in a computer within a CAD application program, wherein the intelligent shape 

5 programming selectively displays informational aids associated with a displayed shape on the 
monitor of the computer to assist a user in manipulating the shape while operating one or 
more functions of the CAD application program. When invoked, and a first object is 
positioned proximate to a second object on the monitor, plugs of the first object are 
displayed on the first object. The plugs indicate one or more respective attachment points 

10 on the first object. A socket is created on the second object when the plug of the first object 
is placed proximate to the second object. The socket indicates an attachment point between 
the first object and the second object. The first object and the second object are 
automatically coupling together at the attachment point. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Referring now to the drawings in which like reference numbers represent 
corresponding parts throughout: 

FIG. 1 is an exemplary hardware environment used to implement the preferred 
embodiment of the invention; 

FIG. 2 illustrates the components of a shape object of the present invention; 

FIGS. 3A-3I are "snapshots" of the plugs and sockets displayed on the monitor 110 
in one example of the operation of the preferred embodiment; 

FIGS. 4A-4C are illustrations of the dynamic sockets of the present invention; 

FIG. 5 is a flowchart that illustrates the general logic of a message or event-driven 
computer system performing the steps of the present invention; and 

FIG. 6 is a flowchart that illustrates the general logic that is performed in practicing 
the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



In the following description, reference is made to the accompanying drawings which 
form a part hereof, and which is shown, by way of illustration, several embodiments of the 
present invention. It is understood that other embodiments may be utilized and structural 
changes maybe made without departing from the scope of the present invention. 

Overview 

The present invention is a computer- assisted drafting (CAD) program that provides 
intelligent shape objects, wherein the intelligent shape objects include plugs and sockets for 
automatically connecting associated shape objects together whenever the associated shape 
objects are displayed in proximity to one another on a monitor of a computer. 

Hardware Environment 

FIG. 1 is an exemplary hardware environment used to implement the preferred 
embodiment of the invention. The present invention is typically implemented using a 
personal computer 100, which generally includes, inter alia, a processor 102, random access 
memory (RAM) 104, data storage devices 106 (e.g., hard, floppy, and/or CD-ROM disk 
drives, etc.), data communications devices 108 (e.g., modems, network interfaces, etc.), 
monitor 110 (e.g., CRT, LCD display, etc.), mouse pointing device 112 and keyboard 114. It 
is envisioned that attached to the personal computer 100 may be other devices such as read 



only memory (ROM), a video card, bus interface, printers, etc. Those skilled in the art will 
recognize that any combination of the above components, or any number of different 
components, peripherals, and other devices, maybe used with the computer 100. 

The personal computer 100 usually operates under the control of an operating 
system 116. The present invention is usually implemented in one or more application 
programs 118 that operate under the control of the operating system 116. The application 
program 1 18 is usually a CAD program or other graphics program. In the preferred 
embodiment, the application program 118 provides one or more intelligent shape objects 
200. 

Generally, the application program 118 and intelligent shape objects 200 comprise 
instructions and/ or data that are embodied in or retrievable from a computer- readable 
device, medium, or carrier, e.g., the data storage device 106, a remote device coupled to the 
computer 100 via the data communications device 108, etc. Moreover, these instructions 
and/ or data, when read, executed, and/ or interpreted by the computer 100 cause the 
computer 100 to perform the steps necessary to implement and/or use the present 
invention. 

Thus, the present invention maybe implemented as a method, apparatus, or article of 
manufacture using standard programming and/ or engineering techniques to produce software, 
firmware, hardware, or any combination thereof. The term "article of manufacture" (or 
alternatively, "computer program product") as used herein is intended to encompass a 
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computer program accessible from any computer- readable device, carrier, or media. Of 
course, those skilled in the art will recognize many modifications maybe made to this 
configuration without departing from the scope of the present invention. 

Those skilled in the art will recognize that any combination of the above 
5 components, or any number of different components, including computer programs, 

peripherals, and other devices, maybe used to implement the present invention, so long as 
similar functions are performed thereby. 

Intelligent Shape Objects 

10 FIG. 2 is a block diagram that illustrates the components of an intelligent shape 

object 200 according to the present invention. The intelligent shape object 200 is comprised 
of a number of different elements: (1) a spatial frame 202 that provides the underlying 
structure and spatial mapping for the intelligent shape object 200; (2) an entities collection 
204 that includes one or more objects of geometry along with one or more other 

15 (subordinate) shape objects 200 that together make up the (superordinate) shape object 200; 
(3) one or more plugs 206 and sockets 208 that provide connectivity to other shape objects 
200; (4) one or more handles 210 that provide direct manipulation of the shape object 200, 
thereby allowing the user to stretch or otherwise resize the shape object 200; (5) a properties 
collection 212 that contains all other properties of the shape object 200, including those 

20 defined by authors of the shape object 200; (6) a drag handler 214 that defines the behavior 
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of the shape object 200 while the shape object 200 is being dragged; (7) a message handler 
216 that defines the behavior of the shape object 200 when the shape object 200 receives 
system level commands or inputs; and (8) a custom command collection 218 that allows the 
user to define custom commands for the shape object 200. The frame 202, the entities 204, 
5 the plugs 206, the sockets 208, the handles 210, the properties 212, the drag handler 214, the 
message handler 216, and the custom commands 218 maybe imbued with data and logic 
that add intelligence to the shape object 200, in order to provide added convenience to the 
user. 

10 Example Shape Object 

As an example, consider a shape object 200 that describes a chair. Such a shape 
object 200 has a geometry, which describes the paths used to render the appearance of the 
chair on a page. The shape object 200 may be composed of geometry that describes the 
chair's support members, with sub-shapes making up the seat, back, arms and other 

15 elements (and each of those shapes have their own properties, geometry, and so on). The 
chair maybe modular, taking optional wheels, arms, and levers, each of which connects via 
plugs 206 and sockets 208. The chair may come in two or three sizes, any of which may be 
invoked by dragging handles. This chair may have a variety of properties such as materials, 
costs, names, and catalog numbers. The chair can reside within a document page with 

20 respect not only to the page itself but also with respect to the other furniture and shapes that 
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may also be included on the page. The intelligence built into the chair's shape object 200, 
plugs 206, sockets 208, handles 210, and properties 212 provides the convenience of, for 
instance, adjusting cost with resizing, allowing or disallowing accessories (control levers, 
upholstery, etc.), enforcing consistent choices of seat, back, and arm designs, and whatever 
other relationships maybe interdependent. 

Frame 

The frame 202 maps the spatial aspects of the elements of the shape object 200 to a 
particular space, notably the document page coordinate space. The frame 202 is a property 
of the shape object 200, and as such is under the control of the author of the shape object 
200, e.g., the Visual Basic for Applications 1 " 1 (VBA) programmer, and other users with access 
to the shape properties. 

The frame 202 of a shape object 200 exposes a geometric framework to which the 
elements of the shape object 200 can be attached via expressions. The frame 202 also serves 
as a superstructure that relates all the other objects, some of which maybe non- geometric, 
within the shape object 200. In addition, the frame 202 characterizes the spatial aspect of 
the shape object 200 as a whole, to allow the interpretation of methods such as Move, 
Rotate and Mirror. Finally, the frame 202 provides the mapping, if any, between the inside 
of the shape object 200 and the outside of the shape object 200. 
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Several types of frames 202 can be envisioned: line frames, rectangular frames, 
scaling rectangle frames, and polar frames. 

A line frame 202 provides a frame 202 for a line shape object 200 that has a start 
point and an end point. The user can modify the start or end point and manipulate the start 
5 and end points of the line. 

A scaling rectangle frame 202 provides a frame for a shape object 200 that expands 
and shrinks in size, e.g., a custom-built desktop should expand or shrink to fit a space 
exactly. The internal geometry of the shape object 200 is scaled as the user expands or 
shrinks the shape object 200 on the monitor of the computer. 
10 A polar frame 202 provides a frame for a shape object 200 that always expands or 

shrinks in both dimensions proportionally Other types of frames are also possible with the 
present invention. 

Entities Collection 

15 The entities collection 204 stores a set of one or more entities for a given shape 

object 200. Most shape objects 200 require geometry for rendering the shape object's 200 
appearance. The entities collection 204 holds the geometry that makes up the shape object 
200, e.g, a shape object 200 that represents a tire would contain two concentric circles, and 
therefore two objects in the entities collection 204. In addition, the entity 204 can hold 

20 other shape objects 200 to fully define the shape object 200. A complex shape object 200 
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may comprise several entities 204, each of which may store some geometry as well as 
particular related sub-shape objects 200. 

Plugs and Sockets 

5 The plugs 206 and sockets 208 enable geometric and logical connections between 

shape objects 200. Plugs 206 enable one side of the connection, and sockets 208 enable the 
other side. Plugs 206 and sockets 208 can be designed to accept any type of mating 
connectors, or specific types of connectors, much like electrical plugs and sockets 208 used 
in a home to distinguish between 110VAC and 320VAC connections. For example, a deluxe 

10 chair shape object 200 may contain sockets 208 that accept only deluxe plugs 206 to disallow 
mating less expensive seats, backs, and arms to the deluxe chair shape object 200. 

Handles 

The handles 210 are points located within the shape object 200 that are exposed to 
15 the user interface (UI) when the shape object 200 is selected. Handles 210 allow direct 

manipulation of geometry within the shape object 200, as well as any other shape object 200 
parameter of collection element that can be referenced via expressions. 
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Properties 

The properties 212 are other custom properties defined by the shape object 200 
author not contained within the frame 202, handles 210, plugs 206, and sockets 208. For 
example, custom properties 212 can be a manufacturer code (a string), a price (a currency 
5 value) a coefficient of friction for a given material, a floating point value, etc. Properties 212 
can also be defined for intermediate or scratch values within a shape object 200. 

The Drag Handler 

The shape object 200 contains objects that handle messages and the behavior of the 
10 shape object 200. The shape object 200 contains an object that, for example, handles the 
shape object's 200 drag and drop behavior. This object is known as the drag handler 214. 
The drag handler 214 can be customized or initially authored by a user, which enables a user 
to change the actions performed by the shape object 200 upon entering the program as well 
as the shape object's 200 interactions with other shape objects 200. 

15 

The Message Handler 

The shape object 200 also contains an object that handles messages passed down 
from the containing system. This object is called the message handler 216. The message 
handler 216, like the drag handler 214, can be customized or initially authored by a user, 
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which enables a user to change the actions performed by the shape object 200 in response to 
keyboard, mouse, and other system events. 

Custom Commands 

5 In addition to the above, each shape object 200 has custom commands 218 that can 

be programmed by the user. These custom commands 218 are accessed by the user by using 
a context menu, typically accessed by using the right hand button on a mouse pointing 
device 112. For example, the chair shape object 200 described above may have a custom 
command 218 associated with it to include a solid back on the shape object 200, or a carved 

10 back, or a padded seat, etc., depending on the desires of the user. 

Plugs And Sockets As Positioning And Alignment Aids 

In the preferred embodiment, the plugs 206 and sockets 208 are objects owned by 
shape objects 200 that assist the user in positioning the shape objects 200 relative to one 
15 another. The plugs 206 and sockets 208 are highlighted portions of the shape object 200 
that have orientation, direction, and other programmable properties that allow for directed 
interaction between shape objects 200 within a document. 

For example, when connecting two shape objects 200 together, the plugs 206 and 
sockets 208 automatically position the shape object 200 being dragged so that one shape 
20 object 200 connects to another properly. No rotation or flip tools, typically dragged from a 
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toolbar, are required; the plug 206 and socket 208 properties automatically rotate and/ or flip 
the shape object 200 to fit properly with adjoining shape objects 200. Thus, a drawing can 
be created by "snapping" or "gluing" together several various predefined components, e.g., 
squares, lines, text boxes, etc., where the plugs 206 and sockets 208 assist the user by 
showing the user which connections are proper, which connections are improper, and 
orienting and positioning each shape object 200 for the user. This automatic orientation and 
positioning makes creation of drawings and textual materials simpler and less time 
consuming. 

Further, users can define their own shape objects 200, with custom definitions for 
plugs 206 and sockets 208, to fit specific applications. An editor utility is used to define 
shape objects 200, plugs 206, and sockets 208. The editor utility can be graphical in nature, 
or can allow the user to directly write software code instructions to edit the plugs 206, 
sockets 208, and other shape object 200 properties. 

Operation of the Plugs and Sockets 

FIGS. 3A-3I are "snapshots" of the plugs 206 and sockets 208 as displayed on the 
monitor 110 in one example of the operation of the preferred embodiment. These 
snapshots illustrate an exemplary sequence of events involving plugs 206 and sockets 208 
within the present invention. 
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As shown in FIG. 3 A, monitor 110 displays main window 300. Main window 300 
contains several other subordinate windows, including library window 302, working space 
window 304, and working area 306. In this example, various shape objects 200 are brought 
from a library of shape objects 200 into a working space to create a graphical presentation. 
5 To create a document, a user drags a shape object 308 or 310 from library window 302 to 
working space window 304, and drops the shape object 308 or 310 onto a given spot within 
working area 306. This process is repeated for the various shape objects 308 or 310 that the 
user desires. Several shape objects 308 and 310 are illustrated in library window 302, 
including t-shaped duct 308 and straight duct 310; other shape objects 200 could be shown 

10 in library window 3 02 as well. 

In FIG. 3B, straight duct 310 has been dragged and dropped from library window 
302 to working area 306 and the t-shaped duct 308 is being dragged by cursor 312. As a user 
drags the t-shaped duct 308 from the library window 302 into the working space window 
304, the plugs associated with the t-shaped duct 308 become selectively visible. The 

15 visibility and operability of the plugs can be programmed to operate selectively depending on 
the position of the cursor within t-shaped duct 308. The t-shaped duct 308, once dragged 
into working space window 304, displays arrowheads 314, 316, and 318 to illustrate to the 
user that these are the attachment points, or plugs, for the t-shaped duct 308. 

In FIG. 3Q as the t-shaped socket 308 is dragged spatially proximate to the straight 

20 duct 310 in the working area 306, sockets 320 and 322 are displayed on the straight duct 310. 
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These sockets 320 and 322 illustrate to the user the attachment points for connecting the 
straight duct 310 to the t-shaped socket 308. The user can now see that straight duct 310 
has multiple sockets for attachment to the t-shaped duct 308. The socket 320 or 322 can be 
defined to be fixed at a given point on the t-shaped duct 3 10, or can be defined to be active 
5 over a certain range of spatial proximity on the t-shaped duct 310. This is defined to be a 
"stnetchable socket," because it allows a plug 314, 316, 318 to be glued to the socket 320,322 
at various places, instead of one place, as shown in FIG. 3G 

In FIG. 3D, as t-shaped duct 308 is dragged closer to straight duct 310, plug 318 
changes appearance to indicate to the user that plug 318 is within range of a socket 320. In 

10 addition, socket 320 can also change appearance to indicate that socket 320, not socket 322, 
is the intended target for plug 318. The plug 318 and socket 320 can also change appearance 
if the plug 318 and socket 320 pairing is not compatible. For example, if the air flow in the 
ducts must flow in a certain direction, the plug 318 and socket 320 can indicate that they are 
incompatible by changing color, by stopping the display of either the plug 3 18 or socket 320, 

15 or by any other means to indicate to the user that that plug 318 socket 320 pair are not 
compatible with each other. 

FIG. 3E shows t-shaped duct 308 "snapping" to straight duct 310. This automatic 
connection operation occurs if t-shaped duct 308 is left in spatial proximity to straight duct 
310 for a sufficient period of time. Plug 318 and socket 320 are shown as indicating the 

20 joining or "gluing" of t-shaped duct 308 and straight duct 310. This indication can be a 
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change of color for the plug 3 18 and socket 320, stopping the display of the plug 318 and 
socket 320, or any other means of indicating to the user that the two components 318, 320 
are snapped or glued together. Once the two components 318, 320 are snapped or glued 
together, and all shape objects 308 and 310 have been de-selected, the plugs 314, 316, 318 
5 and the sockets 320, 322 are no longer displayed on the monitor 110. Once t-shaped duct 
308 and straight duct 310 are glued together, the user can drag straight duct 210 and t- 
shaped duct 308 will be dragged along, attached to straight duct 310. However, if the user 
drags the t-shaped duct 308, the t-shaped duct will detach from the straight duct 310. This 
example illustrates the unidirectional property of the gluing function. 

10 FIG. 3F shows the continued dragging of the t-shaped duct 308. As the user drags t- 

shaped duct 308 past socket 320 of straight duct 310, plug 318 changes appearance to 
indicate that plug 318 is no longer within range of socket 320. 

In FIG. 3G, as the user continues to drag t-shaped duct 308, such that plug 314 is 
spatially proximate to socket 320 of straight duct 310, plug 314 changes appearance to 

15 indicate to the user that plug 3 14 is within range of socket 320. In addition, socket 320 can 
also change appearance to indicate that socket 320, not socket 322, is the intended target for 
plug 314. 

As shown in FIG. 3H, t-shaped duct 308 rotates to automatically align plug 314 with 
socket 320 of straight duct 310. This automatic orientation is an example of the 
20 "intelligence" that may be provided plugs 206 and sockets 208. The rotation tool on the 
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toolbar was not used to perform the rotation of t-shaped duct 308; instead, the t-shaped duct 
308 "kneW to rotate itself and automatically align plug 314 with socket 320. 

In FIG. 31, as t-shaped duct 308 is dragged past straight duct 310, such that plug 314 
is no longer in range of socket 320, t-shaped duct automatically re-orients itself to its original 
orientation when dragged from window 302. 

Dynamic Sockets 

FIGS. 4 A and 4B illustrate examples of the dynamic sockets of the present 
invention. FIG. 4A illustrates a callout shape 400 with a plug 402 attached to callout shape 
400. When the user moves callout shape 400 across the screen shown by arrow 404, and 
brings callout shape 400 proximate to other shape 406, plug 402 has no socket associated 
with other shape 406 to plug into. As such, the callout shape 400 and other shape 406 are 
not coupled together in anyway because plug 402 has no associated socket to attach to. 

The present invention allows other shape 406 to create, on demand, a socket at any 
location on other shape 406 to allow the user to couple other shape 406 together with 
callout shape 400. The sockets are dynamic in that they are created on demand, and are 
removed when no more plugs are plugged into them. 

FIG. 4B illustrates the dynamic sockets of the present invention. As described with 
respect to FIG. 4 A, callout shape 400 and other shape 406 have been placed together as 
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shown at location 408. Other shape, without the dynamic sockets of the present invention, 
when moved by the user along path 410, separates from callout shape 400. 

When callout shape 400 and other shape 406 are attached using a dynamic socket 
412 of the present invention, as shown in position 414, when the user drags other shape 406 
5 along path 416, callout shape moves along with other shape 406 to the new position. 

Without dynamic socket 400, no connection is established between the callout shape 
400 and the other shape 406, unless the user initially plugged the plug 402 of callout shape 
400 into a predefined socket on the other shape 406, which limits the flexibility of 
attachment of callout shape 400 to other shape 406. By using dynamic sockets 412, 
10 however, a socket 412 is dynamically created on the other shape 406 if a socket does not yet 
exist at that location on other shape 406, and the callout shape 400 is plugged into this newly 
created socket 412. 

FIG. 4C illustrates an example of creating a dynamic socket of the present invention 
on a shape that has pre-existing sockets. 

15 Valve 418 and pipes 420 and 422 are illustrated. Pipe 420 has predefined sockets 

424 and 426, and pipe 422 has predefined sockets 428 and 430. Without the present 
invention, a user can only ensure that valve 418 will move when pipe 420 moves if the user 
attaches valve 418 to pipe 420 at socket 424 using path 432 or socket 426 using path 434. 
Similarly, the user can only ensure that valve 418 will move when pipe 422 moves if the user 

20 attaches valve 418 to pipe 422 at socket 428 using path 436 or socket 430 using path 438. 
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However, the socket 424-430 locations on pipes 420-422 may not be where the user 
desires the valve 418 to be located. Using the present invention, the user can locate valve 
418 at location 440 along path 442, and dynamic socket 444 will be created by the present 
invention and anchor valve 418 to pipe 420 at location 440. When pipe 420 is subsequently 
moved by the user, valve 418 will also be moved along with pipe 420 to whatever location 
the user places pipe 420. Similarly, the user can locate valve 418 at location 446 along path 
448, and dynamic socket 450 will be created by the present invention and anchor valve 418 
to pipe 422 at location 446. When pipe 422 is subsequently moved by the user, valve 418 
will also be moved along with pipe 422 to whatever location the user places pipe 422. 

If the valve 418 needs to be repositioned along either pipe 420 or 422, the user can 
drag the valve 418 to a new position along either pipe 420 or 422. The dynamic socket 444 
and/ or 450 will be removed if there are no other plugs plugged into dynamic sockets 444 
and/ or 450, and a new dynamic socket will be created at the new location of valve 418. 

Logic of the Plugs and Sockets 

FIGS. 5 and 6 are flowcharts that illustrate the logic of the plugs 206 and sockets 208 
of intelligent shape objects 200 according to the present invention. This logic is provided 
for illustrative purposes only, and different logic maybe used to accomplish the same results. 

In the preferred embodiment, the various operations described below are specifically 
related to the plugs 206 and sockets 208 of the present invention. Those skilled in the art 
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will recognize that the use of the intelligent shape objects 200 with different application 
programs 118 may result in the different operations, or potentially the same operations. 

FIG. 5 is a flowchart that illustrates the general logic of a message or event-driven 
application program 118 performing the steps of the present invention. In such an 
5 application program 118, operations are performed when transitions are made, based upon 
the receipt of messages or events, from present or current states to new states. 

Generally, the flowchart begins by waiting at block 500 for an event (e.g., a mouse 
button click). It should be appreciated that during this time, other operating system 116 
tasks, e.g., file, memory, and video tasks, etc., may also be carried out. When an event. 

10 occurs, control passes to block 502 to identify the event. Based upon the event, as well as 
the current state of the system determined in block 504, a new state is determined in block 
506. In block 508, the logic transitions to the new state and performs any actions required 
for the transition. In block 5 10, the current state is set to the previously determined new 
state, and control returns to block 500 to wait for more input events. 

15 The specific operations that are performed by block 508 when transitioning between 

states will vary depending upon the current state and the event. The various operations 
required to implement and maintain the intelligent shape objects 200 of the present 
invention represent particular events handled by the logic. However, it should be 
appreciated that these operations represent merely a subset of all of the events handled by 

20 the application program 118. 
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Process Chart 

FIG. 6 is a flowchart that illustrates the general logic that is performed in practicing 
the present invention. 

Block 600 illustrates the computer performing the step of displaying a first object on 
the monitor. 

Block 602 illustrates the computer perfonning the step of displaying a second object 
on the monitor. 

Block 604 illustrates the computer performing the step of positioning the first object 
proximate to the second object on the monitor. 

Block 606 illustrates the computer performing the step of displaying plugs on the 
first object when the first object is positioned proximate to the second object, wherein the 
plugs indicate one or more respective attachment points on the first object. 

Block 608 illustrates the computer performing the step of creating a socket on the 
second object when the plug of the first object is placed proximate to the second object, 
wherein the socket indicates an attachment point between the first and second objects. 

Block 610 illustrates the computer performing the step of automatically coupling the 
second object to the first object at the attachment point. 
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Conclusion 

This concludes the description of the preferred embodiment of the invention. The 
following describes some alternative embodiments for accomplishing the present invention. 

For example, any type of computer, such as a mainframe, minicomputer, workstation 
5 or personal computer, could be used with the present invention. In addition, any software 
program, application or operating system having a user interface could benefit from the 
present invention. 

Those skilled in the art will recognize that additional functions may also be 
implemented using the intelligent shape objects, plugs, and sockets of the present invention. 

10 In addition, the plugs and sockets and intelligent shapes can be integrated closely with each 
application program by any number of different methods. 

In summary, the present invention discloses a method, apparatus, and article of 
manufacture for executing intelligent shape programming in a computer within a CAD 
application program, wherein the intelligent shape programming selectively displays 

15 informational aids associated with a displayed shape on the monitor of the computer to 
assist a user in manipulating the shape while operating one or more functions of the CAD 
application program. When invoked, and a first object is positioned proximate to a second 
object on the monitor, plugs of the first object are displayed on the first object. The plugs 
indicate one or more respective attachment points on the first object. A socket is created on 

20 the second object when the plug of the first object is placed proximate to the second object. 
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The socket indicates an attachment point between the first object and the second object. 
The first object and the second object are automatically coupling together at the attachment 
point. 

The foregoing description of the preferred embodiment of the invention has been 
5 presented for the purposes of illustration and description. It is not intended to be exhaustive 
or to limit the invention to the precise form disclosed. Many modifications and variations 
are possible in light of the above teaching. It is intended that the scope of the invention be 
limited not by this detailed description, but rather by the claims appended hereto. 
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WHATIS CLAIMED IS: 



1 1. A method of displaying information on a monitor attached to a computer, 

2 comprising: 

3 (a) displaying a first object on the monitor, 

4 (b) displaying a second object on the monitor, 

5 (c) positioning the first object proximate to the second object on the monitor, 

6 (d) displaying plugs on the first object when the first object is positioned proximate 

7 to the second object, wherein the plugs indicate one or more respective attachment points 

8 on the first object; 

9 (e) creating a socket on the second object when the plug of the first object is placed 

10 proximate to the second object, wherein the socket indicates an attachment point between 

11 the first object and the second object; and 

12 (f) automatically coupling the second object to the first object at the attachment 

13 point. 

1 2. The method of claim 1, wherein an appearance of the displayed second 

2 object on the monitor is modified when a type of the plug on the first object does not 

3 substantially match a type of the socket on the second object. 
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1 3. The method of claim 1, wherein the step of automatically coupling further 

2 comprises the step of positioning the first object to align the plug of the first object to the 

3 created socket of the second object. 

1 4. The method of claim 1, wherein the step of automatically coupling further 

2 comprises the step of automatically coupling the attachment point of the second object to 

3 the first object along a defined range of the first object. 

1 5. The method of claim 1, further comprising deleting the created socket when 

2 the plug of the first object is no longer proximate to the second object. 

1 6. The method of claim 1, further comprising deleting the created socket when 

2 no plugs are attached to the created socket. 
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1 7. A computer-implemented apparatus for displaying information, comprising: 

2 a computer having a monitor attached thereto, wherein the monitor displays a first 

3 object and a second object; 

4 means for positioning the first object proximate to the second object on the 

5 monitor, 

6 means for displaying plugs on the first object when the first object is positioned 

7 proximate to the second object, wherein the plugs indicate one or more respective 

8 attachment points on the first object; 

9 means for creating a socket on the second object when the plug of the first object is 

10 placed proximate to the second object, wherein the socket indicates an attachment point 

11 between the first object and the second object; and 

12 means for automatically coupling the second object to the first object at the 

13 attachment point. 

1 8. The apparatus of claim 7, wherein an appearance of the displayed second 

2 object on the monitor is modified when a type of the plug on the first object does not 

3 substantially match a type of the socket on the second object. 
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1 9. The apparatus of claim 7, wherein the step of automatically coupling further 

2 comprises the step of positioning the first object to align the plug of the first object to the 

3 created socket of the second object. 

1 10. The apparatus of claim 7, wherein the step of automatically coupling further 

2 comprises the step of automatically coupling the attachment point of the second object to 

3 the first object along a defined range of the first object. 

1 11. The apparatus of claim 7, further comprising deleting the created socket 

2 when the plug of the first object is no longer proximate to the second object. 

1 12. The apparatus of claim 7, further comprising deleting the created socket 

2 when no plugs are attached to the created socket. 
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1 13. An article of manufacture comprising a computer program carrier readable 

2 by a computer and embodying one or more instructions executable by the computer to 

3 perform method steps of displaying information on a monitor attached to the computer, the 

4 method comprising the steps of: 

5 (a) displaying a first object on the monitor, 

6 (b) displaying a second object on the monitor, 

7 (c) positioning the first object proximate to the second object on the monitor, 

8 (d) displaying plugs on the first object when the first object is positioned proximate 

9 to the second object, wherein the plugs indicate one or more respective attachment points 

10 on the first object; 

1 1 (e) creating a socket on the second object when the plug of the first object is placed 

12 proximate to the second object, wherein the sockets indicates an attachment point between 

13 the first object and the second object; and 

14 (f) automatically coupling the second object to the first object at the attachment 

15 point 

1 14. The article of manufacture of claim 13, wherein an appearance of the 

2 displayed second object on the monitor is modified when a type of the plug on the first 

3 object does not substantially match a type of the socket on the second object. 
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1 15. The article of manufacture of claim 13, wherein the step of automatically 

2 coupling further comprises the step of positioning the first object to align the plug of the 

3 first object to the created socket of the second object. 

1 16. The article of manufacture of claim 13, wherein the step of automatically 

2 coupling further comprises the step of automatically coupling the attachment point of the 

3 second object to the first object along a defined range of the first object. 

1 17. The article of manufacture of claim 13, further comprising deleting the 

2 created socket when the plug of the first object is no longer proximate to the second object. 

1 18. The article of manufacture of claim 13, further comprising deleting the 

2 created socket when no plugs are attached to the created socket. 
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ABSTRACT OF THE DISCLOSURE 



An intelligent shape is displayed in conjunction with a CAD application program, 



wherein the intelligent shape selectively displays positioning and alignment aids on the 
monitor of the computer to assist a user in operating one or more functions of the host 

5 application program. "When invoked, and a first object is positioned proximate to a second 
object on the monitor, plugs of the first object are displayed on the first object. The plugs 
indicate one or more respective attachment points on the first object. A socket is created on 
the second object when the plug of the first object is placed proximate to the second object. 
The socket indicates an attachment point between the first object and the second object. 

10 The first object and the second object are automatically coupling together at the attachment 



point. 
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